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DECLARATION UNDER 37 C.F.R. $ 1.131 

Dear Sir: 

I, LILIP LAU, DECLARE AS FOLLOWS: 



1 . I am one of the named inventors for the above-captioned patent application 
and I am an employee of Paracor Medical, Inc., the assignee of the present application. I 
am a co-founder of Paracor Medical, Inc. and I am the Chief Technical Officer. 



2. I have first hand knowledge of the facts set forth herein. I declare that all 
statements made of my own knowledge are true and that all statements made on 
information and belief are believed to be true. 



3. I have reviewed the Final Office action in the present application and I also 
have reviewed the prior art patent to Jayaraman, namely U.S. Patent No. 6,360,749 
(attached hereto as Exhibit A). The Jayaraman patent issued from U.S. Serial No. 
09/414,708 filed October 8, 1999. The application claims priority to Provisional 
Application No. 60/103,824, filed on October 9, 1998 (attached hereto as Exhibit B). 

4. I have reviewed Provisional Application Serial No. 60/103,824 and found 
the application relates only to a biocompatible filler material injectable into a ventricle of 
the heart to treat symptoms of heart failure. The supporting drawings are numbered 1- 
4B. There is no disclosure in the provisional application of Jayaraman relating to elastic 
bands, which I understand forms the basis of the Examiner's rejection of the claims in the 
present application. The disclosure of the elastic bands first appears in U.S. Serial No. 
09/414,708 filed October 8, 1999. 

5. I have reviewed the claims pending in the present application and believe I 
have an understanding of the claim terms and of the subject matter of the claimed 
invention. 

6. I and my co-inventor. Bill Hartigan, began working on the development of 
an endocardial harness at a time just before October 8, 1999, the priority date of the 
Jayaraman patent. All of the development work that we did was conducted in the United 
States at Palo Alto, Califomia. Prior to October 8, 1999, we conceived of the subject 
matter set forth in the claims of the present application. 

7. Attached hereto as Exhibit C are laboratory notebook pages, in my 
handwriting, as evidence of the development work that I did on the endocardial hamess 
prior to October 8, 1999. The dates have been redacted, however, my signature and the 
signature of a witness appears on some of the notebook pages. The notebook pages are 
consecutively numbered and show continuous development work. On pages 47 and 48 of 
my lab notebook, I describe the problem to be solved relating to the treatment of 
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congestive heart failure. Starting on page 48, 1 propose a number of medical devices and 
methods of use to treat congestive heart failure. 

8. Referring to the claims of the present application, the subject matter of 
claim 54 is fully supported by my lab notebook entries. At page 50 of my lab notebook 
(Exhibit C), I describe a reinforcement or support device that could be "spring-like and 
always exert a force on the ventricle that would cause its dimensions to reduce." On page 
52, 1 disclose several embodiments of a medical device to treat the heart, including "zig- 
zags" or "a spring mechanism such as a coil." The coils are shown in zig-zag 
configuration and are non-overlapping hinge elements that are adapted to extend 
circumferentially around an outer surface of the heart to impart compressive force on the 
heart during diastole and systole. On page 57 of my lab notebook, I describe the use of 
"spring members" to link to nodes for treating the heart. In this embodiment, as 
described in my lab notebook, "the springs have a preload that causes them to contract 
the ventricle, the contractability and pumping efficiency might be improved. In addition, 
the springs might relieve load on the muscle wall by carrying tensile loading. . . ." The 
disclosed embodiments in my lab notebook can be delivered "endovascularly through a 
catheter." (Exhibit C, p. 58) Thus, the medical devices disclosed in my lab notebooks 
can be delivered minimally invasively through a catheter. 

9. The dependent claims now pending in the present application are fully 
supported by the disclosure in my lab notebook. For example, claim 55 recites "wherein 
the hinge elements are adapted to extend circumferentially around the heart and are self- 
sizing." The coil spring depicted on page 52 of my lab notebook are adapted to extend 
circumferentially around the heart and are self-sizing. 

10. Next referring to claim 57, the hinge elements are adapted to extend 
circumferentially around the heart and are "self-tensioning." Again, the coil springs are 
hinge elements that are "self-tensioning" and extend circumferentially around the heart. 
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1 1 . Referring to claim 60 it recites in pertinent part "the hinge elements have a 
compliance that increases as a function of increased stretch." Again, the coil springs 
disclosed in my lab notebook would have a compliance that increases as the coil spring is 
stretched. 

12. With reference to claim 61, it recites in pertinent part "the hinge elements 
have a compliance that does not decrease as a function of increased stretch." Again, the 
coil springs disclosed in my lab notebook would have a compliance that does not 
decrease as a function of the increased stretch of the coiled springs. 

13. With reference to claim 62, it recites in pertinent part "the hinge elements 
are formed into strips that are adapted to extend circumferentially around the heart." The 
coil springs disclosed in my lab notebook at page 52 are shown as strips that are adapted 
to extend circumferentially around the heart. Similarly, an altemative design is described 
at page 58 of my lab notebook where it recites "the second design consists of a flat strip 
of metal from which barb extend outwardly in various directions." The flat strip of metal 
has barbs which extend outwardly like hinges to self-tension and self-size as they extend 
circumferentially around the heart. 

14. Referring to claim 63, it recites in pertinent part "the hinge elements are 
formed into strips that are compressible to a low profile, minimally invasive delivery 
diameter." At page 58 of my lab notebook, I indicate that two designs would be 
delivered endovascularly through a catheter. 

15. Referring to claim 66, it recites in pertinent part that the "hinge elements 
are formed from nitinol." At page 127 of my lab notebook, I disclose nitinol for use with 
staple material formed in a zig-zag configuration (page 131) which also can be used as a 
hinge element as set forth in the claims. 

16. Referring to claim 68, it recites in pertinent part, "the hinge elements are 
compressible to a delivery diameter no greater than minimally invasive access between 
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the patient's ribs. At page 58 of my lab notebook, I disclose use of a catheter to deliver 
two different designs endovascularly, which would easily be accessible between a 
patient's ribs. 

17. Referring to claim 69, it recites in pertinent part "the hinge elements are 
compressible to a delivery diameter no greater than minimally invasive access 
subcostally." Again, the catheter disclosed in my lab notebook can deliver the hinge 
elements minimally invasively through subcostal access. 

18. Referring to claim 70, it recites in pertinent part "the hinge elements are 
compressible to a delivery diameter no greater than minimally invasive access 
percutaneously through the skin." Again, the catheter disclosed in my lab notebook can 
delivery the disclosed medical devices minimally invasively through percutaneous access 
through the skin. 

19. After conceiving the claimed invention, I recall working diligently on an 
almost daily basis to reduce to practice various embodiments of the invention up until the 
time of filing U.S. Serial No. 60/188,282, filed March 10, 2000, for which the present 
application claims priority thereto. 

20. Upon information and belief, I, along with my co-inventor Bill Hartigan, 
continued to work diligently, on a daily basis, between October 8, 1999 and March 10, 
2000 when we filed U.S. Serial No. 60/188,282 relating to a cardiac hamess. As 
evidenced by my laboratory notebook entries attached hereto as Exhibit D, I and my co- 
inventor worked on a daily basis toward the actual reduction to practice of a cardiac 
hamess, culminating in the constructive reduction to practice in filing the provisional 
application. My laboratory notebook (Exhibit D) shows entries made on October 8, 
1999; October 11, 1999; October 25, 1999; October 27, 1999; and October 29, 1999. 
Upon information and belief, I and my co-inventor worked in the lab on a daily basis 
after October 8, 1999, and periodically I would record entries in my laboratory notebook 
(Exhibit D) reflecting the work that was being conducted in the laboratory. 
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I declare under penalty of perjury under the laws of the State of California that the 
foregoing is true and correct and I acknowledge that any willful false statements and the 
like are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001 and may 
jeopardize the validity of the application or patent issuing thereon. 

Date: tJHH ■ I'S ^ ^00^ 

Lilip Lau 1 
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MODIFICATION OF PROPERTIES AND GEOMETRY OF HEART TISSUE 
TO INFLUENCE HEART FUNCTION 



FIELD OF THE INVENTION 

5 

This invention relates to treatment of heart failure and more particularly, 
treatment of heart failure by reducing the mtemal volume of a dilated and diseased left 
ventricle. 

10 BACKGROUND OF THE INVENTION 

Disabling pump failure of the heart due to both ischemic heart disease 
(myocardial infarction) and non-ischemic cardiomyopathy is a common occurrence. This 
condition is frequently refractory to medical treatment, leaving heart transplantation as a last 

15 resort for some individuals. For many patients there are no viable options, either to treat the 
condition or even to bridge the time until heart transplantation can be performed. 

Surgical modes of intervention for the treatment of heart failure include: 
stiffening zones of acute infarction, for example by directly injecting glutaraldehyde into the 
affected tissue; wrapping a skeletal muscle (stimulated electrically) around the heart to 

20 augment ventricular contractility; and applying an epicardial marlex mesh to support the 
weakened and distended left ventricle. 

Alterative treatments include implantation of an artifidal heart, an example of 
vfbich is the diaphragm pump described in U.S. Patent 4,468,177. The pump disclosed in 
this patent comprises two chambers which are driven in a "push-pull" manner so that tiie 

25 volumes of each of the two chambers are alternatively enlarged and reduced and, further, 
both chambers are in the path of fluid through the pump. However the use of this pump 
arrangement for total heart replacement or heart assistance would require an extremely 
reliable, durable and portable power supply. Although mechanical pumps have been 
constructed and tested, they have not been found to be adequate for the treatment of heart 

30 failure. 

A decrease in the internal volume of the damaged left ventricle will increase 
its efficiency because the amount of oxygen consumed by the myocardial muscle as it pumps 
is related to the wall tension developed during ventricular contraction. The wall tension, m 
turn, is proportional to the fourth power of the diameter of the ventricular cavity. Therefore, 
35 at a given smaller diameter, less work will be used by the muscle to pump a ^ven volume of 
blood agamst a given pressure. 
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MODIFICATION OF PROPERTIES AND GEOMETRY OF HEART TISSUE 
TO INFLUENCE HEART FUNCTION 

FIELD OF THE INVENTION 

S 

This invention relates to treatment of heart fsulure and more particularly, 
treatment of heart i^ure by reducing the internal volume of a dilated and diseased left 
ventricle. 

10 BACKGROUND OF THE INVENTION 

Disablmg pump failure of the heart due to both ischemic heart disease 
(myocardial infarction) and non-ischemic cardiomyopathy is a common occurrence. This 
condition is frequently refractory to medical treatment, leaving heart transplantation as a last 

15 resort for some individuals. For many patients there are no \dable options, either to treat the 
condition or even to bridge the time until heart transplantation can be performed. 

Surgical modes of intervention for the treatment of heart failure include: 
stiffening zones of acute infarction, for example by directly injecting glutaraldehyde into the 
affected tissue; wrapping a skeletal muscle (stimulated electrically) around the heart to 

20 augment ventricular contractility; and applying an epicardial marlex mesh to support the 
weakened and distended left ventricle. 

Alterative treatments include implantation of an artificial heart, an example of 
which is the diaphragm pump described in U.S. Patent 4,468,177. The pump disclosed in 
this patent comprises two chambers which are driven in a "push-pull" manner so that the 

25 volumes of each of the two chambers are alternatively enlarged and reduced and, further, 
both chambers are in the path of fluid through the pump. However the use of this pump 
arrangement for total heart replacement or heart assistance would require an extremely 
reliable, durable and portable power supply. Although mechanical pumps have been 
constructed and tested, they have not been found to be adequate for the treatment of heart 

30 failure. 

A decrease m the internal volume of the damaged left ventricle wU increase 
its e£Sciency because the amount of oxygen consumed by the myocardial muscle as it pumps 
is related to the wall tension developed during ventricular contraction. The wall tension, in 
turn, is proportional to the fourth power of the diameter of the ventricular cavity. Therefore, 
35 at a given smaller diameter, less work will be used by the muscle to pump a given volume of 
blood against a given pressure. 
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Cardiac output has been improved surgically by reducing the volume of a 
diseased left ventricle. Removal of the non-fimctioning aneurysmatic segment of the heart 
muscle has improved the hemodynamic situation by changing the geometry of the left 
ventricle, leading to enhanced cardiac output. However, this procedure, generally referred to 

5 as the Batista technique, is associated with considerable operative risk. 

An improvement upon this operation is disclosed in U.S. Patent 5,738,626. 
In this modified surgical procedure, whidi includes elements of the other approaches as well, 
the dilated left ventricle is first reduced in size via myocardial resection and then the heart is 
supported and assisted by the attachment of a cardiomyoplasty muscle wrap. A disadvantage 

10 of this, or in fact any, cardiomyoplasty procedure is that the tissue used for the ventricular 
wrap is skeletal muscle which fetigues upon repeated stimulation at normal heart rates. 
Therefore, a period of time exceeding several weeks is required after this operation to 
condition the skeletal muscle, transforming it into a different tissue, rich in nutochondria and 
adapted to withstand the repeated stimulation with much less fatigue. During this period a 

15 ventricular assist pump may be inq)lanted within a hole cut in the ventricle. Eventually, this 
assist pump will be removed. 

Therefore, there is a need for a less aggressive method for volume reduction 
of the left ventricle in order to treat heart pump fsulure. This invention provides an 
alternative approach for the treatment of heart failure that is less invasive than surgical 

20 procedures currently available. 

SUMMARY OF THE INVENTION 

This invention is directed toward treatment of heart failure by physically 
modifying the diseased or damaged heart tissue in such a manner that the internal volume of 
the damaged left ventricle is reduced, thereby impromg the pumping efficiency of the 
(Kseased heart and ameliorating the symptoms of heart failure. 

One embodiment of this invention comprises a catheter-based, minimally 
invasive procedure that will introduce biocompatible materials into the left ventricle of the 
heart. Part of the left ventricular cavity will be filled with biocompatible material which will 
be applied and attached to the left ventricle using catheter-guided techniques and equipment 
rather than conventional cardiosurgical procedures. The biocompatible filling materials 
introduced will decrease the volume of the left ventricle and improve the hemodynanucs of 
the heart, thereby alleviating the symptoms of heart failure. 

A second embodiment, which may be used either alone or in combination 
wth the first embodiment, comprises direct injection of suitable, substantially 
non-compressible biocompatible materials into the wall of the left v^tricle. This procedure 
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will increase the bulk of the wall and thereby diminish the interior volume of the left 
ventricle. These materials may also strengthen and reinforce the wall as well, diminishing the 
risk that the ventricle might rupture. 

The biocompatible filler materials to be used in both embodiments of this 

5 invention will exist in a substantially liquid state while they are delivered to the heart. They 
will then be converted to a second, substantially rigid state when they are attached to or 
injected within the wall of the left ventricle. Also contemplated in this invention are filler 
materials which will expand to a pre-determined volume as they undergo the transition fi-om 
the first, substantially liquid state to the second, substantially rigid state. These could also be 

10 foam-like materials whidi increase or decrease in size depending on the desired mechanism 
of action. 

BRIEF EXPLANATION OF THE DRAWINGS 

15 Figure 1 is a schematic representation of a diseased left ventricle of a heart 

depicting the left ventricular aneurysm (2) present in the diseased portion of the left 
ventricle. This figure also displays peripheral vascular access to the damaged site (3) and the 
non-diseased section of the left ventricle (1). 

Figure 2 depicts the catheter to be used for the application of filling materials 
20 into the left ventricular cavity, the filling material expanding after release from the catheter, 
the screw-like fixture holding the catheter in place and the expanded stabilizing skeleton. 

Figure 3 reveals the release medianism and the presence of the filling material 
in the left ventricle as the application catheter is withdrawn. 

Figure 4 represents the fillmg material within the stabilizmg structure 
25 attached to the wall ofthe left ventricle after removal ofthe application catheter (4 A). This 
figure also depicts (4 B) filling material which could be contracted while still attached to the 
wall of the left ventricle, therd)y decreasing the internal volume of the left ventricle. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

Tlus mvention describes approaches to be taken for the treatment of heart 
failure which avoid resection of diseased heart muscle. In one embodiment of this invention, 
part of the diseased, ^anded left ventricle will be partially filled with biocompatible 
materials which dther will be attached to the wall directly or to a stabilizing skeleton 
35 attached to the wall. Tlus will modify the geometiy ofthe heart due to the introduction of 
the biocompatible material to decrease the internal volume ofthe left ventricle and thereby 
improve its geometry and hemodynamics. In a second embodiment, wWch may be used 
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indqpendently or in conjunction with the first embodiment, appropriate, biocompatible 
materials may be injected directly into the diseased tissue thereby thickening, reinforcing and 
strengthening or revitalizmg the cardiac wall and, simultaneously, decreasing the internal 
volume of the left ventricle, thereby increasing cardiac eflSciency. 
5 Damaged re^ons of the left ventricular cardiac wall may be defined and 

mapped by procedures well known in the art including both computer imaging and 
ventricular wall motion analyzers. Once this has been done, either or both embodiments of 
this invention may be utilized to treat heart failure resulting fi-om the damage to the wall of 
the left ventricle. 

10 The first embodiment of this invention comprises the use of a catheter for the 

introduction of biocompatible materials into the left ventricle. These materials may be 
coated upon or witWn a supporting skeleton wthin the heart. This embodiment also 
encompasses the delivery of filler materials into a container that may either be attached 
dh-ectly to the cardiac wall within the left ventricle or it may be attached to a stabilizing 

15 skeleton that will be fixed to the wall of the ventricle. 

This embodiment also encompasses application of suitable biocompatible 
materials directiy to the surface of the wall of tiie left ventricle. These filler materials may be 
used to increase the bulk of that part of the cardiac wall, decreasing tiie volume of tiie left 
VMitricle. These materials may also be used to induce the retraction of the wall to which they 

20 are attached. Here the filler materials on the wall would shrink, condense or retract as a 
result of a physical or chemical change, causing a corresponding retraction of the v^U of the 
ventricle. In addition, the state of phase of the material can be converted as it is introduced 
into the heart to cause expansion of the material and reduction of the volume of the heart . 
Another embodiment of this invention comprises direct injection of 

25 biocompatible materials into the diseased tissue of the left ventricle to revitalize it or to 
increase its bulk and, consequently, improve the properties of the wall and to decrease the 
internal volume of the left ventricle. Suitable materials for this purpose would include, but 
not be limited to, an^ogenic agents, collagen, fibrinogen, foams or hydrogels which are well 
known in the art. More generally, this invention contemplates the use of the group of 

30 substances refenred to in the art as "polymeric endoluminal paving system" materials as 
biocompatible filler materials. Heart failure could be treated with such injections, either 
alone or in conjunction with the decrease in the volume of the left ventricle that would be 
obtained through the first embodiment of tWs invention. 

The embodiments of this invention will employ a steerable application 

35 catheter which will be introduced into the left ventricle either by direct percutaneous access 
or by transluminal vascular access by retrograde passage of the aortic valve. The application 
catheter will be capable of being reversibly attached to the cardiac wall. Attachment of the 
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steerable application catheter to the wall of the ventricle will allow the precise and accurate 
delivery of biocompatible filler materials, stabilizing skeletons, cutting means and tissue 
removal means to predetermined locations within the heart. 

Furthermore, the application catheter will transport a stabilizing skeleton 
5 attached to the catheter by a reversible release mechanism. The application catheter may 
carry the stabilizing skeleton either internally or externally. The release mechanism, 
deploying the stabilizing skeleton, will be reversible to allow the retrieval of the stabilizing 
skeleton. 

The application catheter may also be attached by a first reversible attachment 
10 means to a stabilizing skeleton which, in turn has a second reversible attachment means by 
which it may be attached to the wall of the ventricle. In tWs illustration of the invention, the 
catheter is attached only indirectly to the wall of the ventricle through the stabilizing 
skeleton. Furthermore, in this mstance, the delivery means for the biocompatible filler 
material would be located at a point on the stabilizing skeleton proximal to the second 
15 attachment means and distal to the junction between the catheter and the stabilizing skeleton 
defined by the first attachment means. 

The application catheter will fiirther comprise an anchoring, screw or 
screw-like means for fixing the stabilizing skeleton to the wall of the left ventricle at one or 
more points. The stabilizing skeleton may comprise arrangements of flexible filaments or 
20 elastic wires comprising suitable, biocompatible materials. The stabilizing skeleton may also 
comprise a network or mesh of such filamaits, and in addition, a flexMe, expandable 
container. 

The application catheter of this invention will also have cutting and retrieval 
elements. These will allow removal of part of the cardiac wall as needed, for example, for 

25 attachment of the application catheter, attachment of the stabilimg skeleton, application of 
suitable materials to the surface of the cardiac muscle, and injection of the filler material into 
the wall. The cutting and retrieval elements of the application catheter may also be used to 
remove the filler material firom the heart, prior to the extraction of the support skeleton if 
that were to become desirable or necessary. 

30 The application catheter of this invention will also comprise means by which 

the biocompatible filler material will be coated upon or inserted within the wall of the 
ventricle. The catheter will indude elements for directly applying the substantially liquid 
filler material to the surface of the ventricular wall. It may also carry suitable means to 
initiate the physical and chemical changes that may be necessary to allow the biocompatible 

35 filler material to adhere to the surface of the wall. The application catheter will include 
components for the injection of biocompatible filler material into the wall. These 
components include needle-like dements for injection of materials, viiere the needle or 
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needles are positioned substantially perpendicular to the site of injection. The injection 
component may also be composed of a number of needle-like elements placed at the 
proximal end of the catheter. These needle-like elements could be attached to the catheter at 
an angle of approximately 30^ to the longitudinal axis of the catheter to allow a wider area 

5 of the wall of the ventricle to be treated at one time. Also contemplated are needle-like 
means projecting radially from the application catheter Here the catheter may be placed 
within the heart wall, using for example a void or pit constructed with the cutting and 
retrieval elements described above. The filler material would then be injected in a direction 
substantially perpendicular to the long axis of the catheter and substantially parallel to the 

10 surface ofthe cardiac wall. This embodiment of the invention contemplates multiple, 

retractable needles allowing a radial dispersion ofthe biocompatible filler material wthin the 
cardiac muscle. 

The biocompatible filler materials will be in a fluid, substantially liquid state 
before they are introduced into the ventricle. Once in place these materials may undergo a 

15 phase transition into a substantially non-compressible form, essentially rigid state, as they are 
attached to or injected within the wall ofthe ventricle. The biocompatible filler may also be 
a material that may be both compressible and expandable. In this instance, the filler material 
would first be compressed while it is delivered to the heart and then allowed to expand to a 
prc-determined volume within the heart. The filler material will be extruded from the 

20 ^plication catheter onto the supporting skeleton which may fijrther comprise a flexible, 
expandable container. The filler will be firmly attached to or confined within the supporting 
skdeton in order to avoid emboliiation caused by the flow ofthe blood stream and the 
dynamics ofthe heart. 

The expandable, flexible container contemplated by this invention may be 

25 attached directly to the cardiac wall or to a stabilizing skeleton that is fixed to the wall. In 
this approach, the filler material or materials will be injected into the skeleton or a container, 
expanding it to a pre-determined final volume. Once filled, the container will then be sealed. 
Materials which can be used to fill the container would include not only the biocompatible 
materials applied directly to or injected within the wall ofthe ventricle but they could also 

30 include, for example, colloidal suspensions, contrast mixtures and saline solutions. 

Expan^on ofthe biocompatible filler may be driven by a number of 
mechanisms. The filler material may expand upon release as a result of its mherent 
mechanical properties, as represented by a foam or as a nitinol based substance. The 
expansion could also be the result of an int^action between the filler material and blood or 

35 between the filler material and the tissue surface. The expansion may also be the result of 
the temperature and/or pressure differences between those within the heart compared to the 
comparable conditions found in the delivery apparatus. 
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The filler can also be a foam material that increases its volume upon 
deployment. Typical foam materials include polyurethane foams such as IVALONt^* or 
hydrogel plugs as these materials are well known biocompatible fillers that are used in other 
medical applications. 

5 This invention also contemplates the expansion or phase transition of filler 

material by the injection of liquids into a fluid-tight, scalable compartment containing the 
filler material. Suitable liquids, agmn, include colloids, saline solutions, contrast mixtures, or 
mixtures thereof. 

These compartments might also allow the generation of a substantially 

10 non-compressible substantially rigid filler material through a chemical reaction in situ. 
Reagents and catalysts, if appropriate, could be provided through independent lumina of a 
multi-channel catheter. The reagents would be mixed and allowed to react within a scalable, 
fluid tight, flexible container held within the stabilizing skeleton attached to the wall of the 
lefl: ventricle. The product of this reaction would have a pre-determined volume and a shape 

IS that could be constrained by a contmner, a stabilizing skeleton, or an expandable container 
held within the stabilizing skeleton. For example, reversible hydrogels may be constituted 
using self-assembling artificial proteins. Such protein solutions, adjusted to a first pH level 
could be used to fill and expand a fluid-tight container held by the support skeleton within 
the (fiseased left ventricle. Subsequent adjustment to a second pH would then induce a 

20 reversible transition of the protein solution to a substantially non-compressible, substantially 
ri^d gel Suitable hydrogels, with properties that would present specific advantages for 
application in this invention could be designed and produced by recombinant DNA methods 
known in the art. (Petka et al., "Reversible Hydrogels form Self-Assembling Artificial 
Proteins, (1998) Science 281 (17 My 1998), 389 - 392). 

25 This invention fiirther contemplates biocompatible filler materials which could 

be expanded to a pre-determined volume by the application of an external influence. 
Examples would include the expansion of suitable biocompatible fillers mediated by exposure 
to ultraviolet, ionizing or other radiation of an appropriate wavelength. 

Still fiirther, this invention contemplates direct attachment of the 

30 biocompatible filler material to the wall of tiie left ventricle. Contraction, shrinkage or 
compaction of a layer of filler material directly attached to the wall of the ventricle would 
result in a parallel contraction of that wall, thereby decreasing the internal volume of the left 
ventricle. Contraction of the filler material direcdy attached to the wall could occur over a 
period of time as a consequence of the nature of that material within the cardiac 

35 environment. Contraction migjit also occur only after a certain time period and could be 
mediated by the application of extmial factors. Such factors might include exposure to 
radiation of a suitable wavelength and intensity, electricity or other physical influences, 
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injection of other interacting materials, application of a localized source of heat or suction 
applied to the biocompatible filler attached to the wall of the left ventricle. 

The stabilizing skeleton may be made up of biocompatible, flexible mesh-like 
materials, flexible filaments or from an arrangement of elastic wires. The stabilizing skeleton 

5 will include means for reversible attachment to both the application catheter and the cardiac 
wall. It will also be capable of collapsing into a compact structure that may transported, 
either upon or witMn the attachment catheter, to, or firom, the site of its attachment within 
the body. Once set in place within the body the stabilizing skdeton \^dll be e^anded to the 
shape and size \^th which it will be used for the attachment of filler materials. The 

10 stabilizing skeleton may also contain ^thin it, or have attached to it, an expandable 
container into which filler material can be injected. 

The stabilizing skeleton may also be used for the mechanical support of a 
pre-determined section of the wall of the left ventricle. This structure could be applied to the 
internal surface of the left ventricle prior to the injection of biocompatible filler materials 

15 within the wall. 

In another embodiment, the biocompatible filler is added by injection through 
the disease heart wall. A variety of suitable syringes are usefiil for this purpose, with the 
biocompatible material carried by the syringe body and then injected through the needle into 
the heart. One of ordinary skill in the art can select an appropriately sized needle to deliver 
20 the selected biocompatible material via this pericardial access. 

In addition, the biocompatible material can be, or indude, a genetic material 
that operates on the heart tissue over time to enhance its mass or performance. Typical 
genetic materials include angiogenic ftictor or growth &ctor, and these are pref^bly added 
with a biocompatible material so that the biocompatible material initially reduces the volume 
25 of the heart followed by the action of the genetic material on the heart wall over time. 

The amount of biocompatible material filler to be introduced is that which will 
reduce heart volume to levels that control the diastolic ("D") and systolic ("S") levels to 
desired ranges. Typically, the heart ejection fimction ('T'') can be calculated by the 
foUomng equation: 
30 F = [(D-S)/D]xlOO% 

Values of 60 to 75% and particularly 65% are desired. Thus the optimum 
volume of biocompatible material to be introduced into the heart is that which can increase 
the F value to 65%. Example 1 illustrates how this is done. 

The methods and means by which this invention leads to a reduction in heart 
35 volume may be understood more clearly by reference to Figures 1 to 4. As represented in 
Figure 1, heart failure may be the result of an aneurism (2) that has formed in the wall of the 
left ventride (1) of the heart. The expanded ventricle fiinctions inefficiently not only because 
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of the presence of damaged, poorly functioning cardiac tissue unable to pump effectively, but 
also because of the increase in the volume of the left ventricle resulting from dilatation of the 
cardiac wall withm the aneurism. The ensuing cardiomyopathy is life-threatening and a 
successful medical intervention necessitates an improvement in the ability of the heart to 

5 contract effectively . Non-surgical access to the damaged regions, both for diagnosis and 
treatment, may be obtained through the peripheral vascular system (3). 

In one embodiment of this invention, depicted in Figure 2, a catheter (4) is 
passed through the peripheral vascular system into the left ventricle (1). Once in position, 
the cathet^ is attached to the cardiac wall using a screw-type reversible attachment member 

10 (6). A suitable biocompatible filler material (5) is then extruded through the catheter and 
into the left ventricle where it will expand, solidify and adhere to a stabilizing skeleton (7) 
which would have been previously deployed within the left ventricle, and may, in fact, be 
attached to the cardiac wall through reversible attachment means. 

Figure 3 depicts the solidified filler material (5), attached to the stabilizing 

15 skeleton (7). This figure also reveals another reversible attachment means (8) for connecting 
the catheter (4) with the stabiliang skeleton (7). Once the filler material, attached to the 
stabilizing skeleton, is in place, the catheter (4) is detached fi-om the stabilizing skeleton (7), 
by means of the reversible connection (8) between the catheter and the stabiliang skeleton, 
and wthdrawn fi-om the heart. 

20 Figure 4A depicts the removal of the catheter (4) firom the heart, mth the 

biocompatible filler material attadied to the stabilizing skeleton (9).The expanded filler 
material (10), in place vnthin the left ventricle, will thereby decrease the internal volume of 
the heart and improve the punq)ing efficiency of the left ventricle. Figure 4B depicts an 
embodiment m which the biocompatible filler material has contracted after it had been put in 

25 place, drawing the attached cardiac wall, thereby further decrea^g the internal volume of 
the heart. 

EXAMPLE 

An angiogram is used to determine the heart rate of a subject, and found that 
30 D = 180, S = 100, and F is 44.4%. Computer modeling of the heart is used to image the 
heart and determme where dead or non-functioning tissue is located. 

A biocompatible filler material of a hydrogel is placed in the heart in the area 
of the non-functioning tissue. After the material is placed, another angiogram is taken to find 
that D = 170, S = 100 and F is 42%. The preceding steps are repeated until F is increased 
35 into the range of 60 to 75% and preferably, as close to 65% as possible. The final values of 
D = 150, S = 90 and F = 60% are acceptable and the procedure is terminated. 
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What is claimed is: 



THE CLAIMS 



1 . A method for treating heart failure comprising: 

5 delivering into the left ventricle at least one filler material in a substantially liquid first state; 
and 

converting the at least one filler material within the left ventricle to a second substantially 
non-compressible, substantially rigid state afifixed to the left ventricle; 
whereby the internal volume of the left ventricle is decreased. 

10 

2. The method of claim 1 fiirther comprising appl^ the filler material in a 
substantially liquid first state onto the surface of the wall of the left ventricle, and converting 
the biocompatible filler material to the ri^d second state to attach the biocompatible filler 
material to the surface of the wall of the left ventricle. 

15 

3. The method of claim 1 fiirther comprising injecting the at least one filler material 
into a wall of the left ventricle before converting the filler material to the rigid state. 

4. The method of claim 1 further comprising introducing a steerable catheter into the 
20 left ventricle and attaching the catheter to the wall of the left ventricle by a reversible 

attachment means, for delivery of the filler material. 

5. The method of clmm 4 fiirther comprising: 

mtrodudng a catheter reversibly attached by a first attachment means to a collapsed, flexible, 
25 expandable, scalable container into the left ventricle, the catheter fiirther comprising a sealing 
means; 

attaching the catheter to the wall of the left ventricle by a second, reversible, attachment 
means; 

attaching the container to the wall of the ventricle by a third, reversible, attachment means; 
30 delivering the filler material through the catheter into the container within the left ventricle ; 
converting the filler material in the container within the left ventricle to the second state; 
sealing the container, 

detaching the cathetw* fi-om the container by the first attachment means; 
detaching the catheter from the wall of the ventricle by the second attachment means; and 
35 withdrawng the catheter from the left ventricle. 
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